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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for 
forming a thin oxide film of alumina, or the like, in a short 
time without oxidizing the underlying layer. 
SOLUTION: In the method for fabricating a magnetic 

tunnel junction element when an alumina film is formed Ma 
as a tunnel barrier film on a ferromagnetic layer 1 6 of 
Ni-Fe alloy, or the like, an aluminum film 18 is formed by ^ \ . 
sputtering on the ferromagnetic layer 16 and then ]/ / > ^ 

oxidized while coating it with an alumina film by reactive 
sputtering. Assuming the aluminum film 18 is 1 (nm) thick 
and the coating alumina film is 0.2 (nm) thick,, an alumina 




film of about 1.5 (nm) thick comprising a laminate of the !v52L*«i J^*?^" 
oxidized aluminum film 18 and the coating alumina film is " 1U 
formed on the ferromagnetic layer 1 6. Surface of the 
ferromagnetic layer 1 6 is protected against oxidation by 
the aluminum film 18. 



14:jR.ft*KB 



LEGAL STATUS 

[Date of request for examination] 25.1 2.2001 

[Date of sending the examiner s decision of 20.01.2004 
rejection] 

[Kind of final disposal of application other than 
the examiner s decision of rejection or 
application converted registration] 
[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiner s decision 
of rejection] 

[Date of requesting appeal against examiner's 



http://www19.ipdl.jpo.gojp/PA1/result/detail/main/wAAALxaqYGDA414190632P... 2004/03/24 



(19) B*Em?fF? (J P) 



(12) 



US ft 



(a) mmvtmw&tm** 

#^2002-190632 
(P2002-190632A) 
(43) £08 B ¥J=£l4i£ 7^ 50 (2002. 7. 5) 



(51)IntCL 7 






F I r-73-K(##) 


HO 1 L 


43/12 




H0 1L 43/12 2 G017 


GO 1 R 


33/09 




G 1 1 B 5/39 5 D 0 3 4 


G 1 1 B 


5/39 




H 0 1 L 43/08 Z 


HO 1 L 


43/08 




G01R 33/06 R 








& m*m<D&2 ol (± 7 w) 


(21)ffl®## 


ftM2000-386449( P2000- 386449) 


(71) A 000004075 














■5£5fcl24£12 H 20 H (?(H)0 19 9(Yl 










(72)|6§fJ:g B#fF 








»l«^Sfe v m*iRBri0# 1 #+-TA*SC* 








art 








(74)f$!A 100075074 
















F^— 2G017 AA01 AB07 AD55 AD65 








5D034 BA03 BA15 CAOO DA07 



(54) [5t*n<o&m m^»jttt.m&b>*)),mt**<om& 



(57) mm 

l^T, N i - F e ^A««})|fllitl| 1 6 Wii: h 

1 6<n_tiZXs<v*felc£ ^7^;-^H 8&&tft 

IC7/U ; tBi^rSf Loo7/u ^ ^ i 3 ^miti~ 
6 Q 7;U;^^Ail 8<Z>I5££ 1 [nm] 4 1, ]£# 
t57^;tli(7)||$^0. 2 [nm] 4t64, 3$J& 

I. 5 [nm] COT/US ^J&#JI2f£$ft-5 0 5fc(Bf±JS l 
6cofg®(i, 8ICJ: 9 fit fbWWikdix 

6 0 




10:S« 
12 :*«*«■ 



(2) 



mt^m%^ x^it^* y< y ? fete j: «9 w\&mmw<n 

^m&m*<nmm 0 20 
[0001] 

t^^^lf r^^fi, r/u^-t- ($Hb 

[0 0 0 2] 

Sate<tLT*i, §1 0-1 2t:^fe^p>nt^5 

(OTjttf. EfBB 2000-91668 ^$B#HB) „ 
[ 0 0 0 3 ] HI 1 0 (7)IS-Cii, F e ^CD^{£te/I 1 CO 
^ffi(C^/<y ^fetC«t 9/5$ 2 [nm] COT/U^-^A 

U m$sf£t}$: 2 0 [mT o r r ] — 200 [Tor 
r] <7)$&ilF^{Ct££ LT 1 0M<7)fe^;c7/U;^^A 

312 £fi£ft:£-d:5 0 z<n&£: % Hi l ICTjt-rj: 

S =f>A«t2W*fl5<cr/u$-MBl3 3Js»rtSix5, ~ ^ 

co-e&s, -gd&, ii 2cox^r*fi v t/u- ^ ti3(7) 

[0 0 0 4] h y 7l<b L 1 7/U ; 

LtgMt^^m (a) T/U ^ 

ICoPtiM 2 0 0 0-9 1 6 6 8 ^^t.Hfl., 

(o) ICo^td^ 2 0 0 0 - 3 6 6 2 8 
S3) . so 



$*D8 2002-! 906 3 2 



[0 0 0 5] 

[55W^A?i^LJ:9 t-TSSSiJ®] AMELfc (n) coft& 

[0 0 0 6] iffii&Lfc U) co'^^felc J: 6 <t % 

[0007] £b(C, Ell 0-1 2 (egg U X#tizB U 
a*, Ell l (c^-r «fc ? iCT /\s * 1-^3 <oTm^&ik<n 

[0 0 0 8] :wnwg6«jtt, T^Sr^fk-TSei: 
4 < *^^»fkJR«rSB*mT-^i- -5 C £ ^r- 1 5«f«* 

[0009] r^^oftli^e^Ji, ^hV^|gj5i 
[0 0 10] 

Loofltite^^M^r^fb-r 5 C <t tci <9 

tE^mM^^fb lac^ i <75»fbBr<t k* Ltzmtm** 

[0 0 1 l ] eco«Wcoffi&(blBl^fi)cte(cj:ixtf, Tite^ 

LAc^. *fbtt#H«*-CRa?tt^^y^jfelcJ:iJW« 
^co^fb^^^eco_h{c tt* L ooi»«lR^»fb-r 5 
<t ?(CLfccOT\ T«!/Bwp«fb^W«JB!-CB*ihSn5i 

(e«ffiWic«fbAas$rfis-r</>r-(i/jr< . mm,m<r>±[zm 

it&#[M5Si*P -CRlCtt ^ ^< *y ^ J; iSS-W wfig fb^ 
Sr K»-T 5 oo tc o X mWK&MHk StiSMMIfflL 
Tt^coT', «SttK(OfV$ <i:^2co^fl:^col^$ ^c/^tt 
^r^iSfbi" 5wi:lcJ:0 TltfeiB «fc WffllK <t w^iTSt' 
^fb^^ih^^^oo * 2 W«fb«!wBE$ & 



(3) 



WflB 2002-1 90632 



[0012] z<o&wcnf&{tmMrfLmz*i\,>xn. m\t 

&mt+ZZkfcV$Z> 0 8ot, SS3 60j»ffc]I»<b It 
11 *«]»£*{!: LfcSR 1 0»{Mfc«#Lfc»{fcW*» 

-c-JKdc^r*gr-*>5. to 

[0 0 14] wC0^^(C^5^ h V^/U^^(75§!i 

b ^512 (nmtm t &<at?m 3 WifMS: b 20 
ictffr Ltl 2 o^imi^MtsiSi *><o 

[oois] z<D&w<DmfsLb>*/\sm&m*<r)mm 

H wCO$g^co&fkJ^j&&£ffl^T&1a 

Kik-r 5 zt*< w^mn^&MitLxm i 2 <n 

»ft:8M»e>tt5 h^/<^7»Mt6:^^^ 30 

[0016] 

*<nmc#j£-r?>T.m (1) - (6) &m#:tz%Lw-t 

5o 40 

[0017] ( 1 ) mm 1 0 1 it, n >g&co^ 

[0018] £t£ 1 Oco^ffiUlil 9« 
fettm 1 2 <t LTH^ 15 [n m] WT i i&^f $ 3 
0 0 [nm] COC ujB^WJSfcJC^/a-rS. SffifcfJB 1 2 

turn t i mizc um&mtxtimmicmib-r , c r 

[0 0 19] ^IgfcfJB 1 2^±(C^^<y *m\Z£. so 



9£3fef&j±/i 1 4 t LXm£ 5 0 [n m] CO P t - M n 
*&JB«r»J8-r-&. R»flM£JB l 4 t Ltlt p t -m 
n £>&COft 9 Rh-Mn^, F e - M n 

ffl^tu^. R»mtm i 4*Bf&Ltz'&i*. 

&m 1 4Wilc^5/ v>&fiM±J| l 6 t Lxm 

£6 [n m] CON i - Fe^iHMt5 a »«H4JB 
1 6^:1X11, N i - F e£-&lCPfiib1\ Ni, Fe, 
C o CO o hm^-riXfrcn&m. Ni, Fe, Co(DH 

[0 0 2 0] &{C, ft&&m l 6cO±IC*^:y*j£|Cj; 
D7/U>--)A^i 8^Mt5o TA-^ -^Ajjgl 8 
Off£fl B^tfO. 3-2 [nm] b-fZZtfcXZ 

— 9»J<t Lt, 
A r #*EE£> 8 [mT o r r ] 

DO<!7— l 0 0 [W] 

/SJI£B*Rfl 10 [sec] 

[0 0 2 1 ] (2) 3I#^T, 7y^^^ii8$r 
ML/c^^plC^^^^^Cfc^tA r #xcOtfcjf£ 

T/U$-MR2 OCOff^d ^J^l^O. 1-0. 5 [n 
m] tf5li:^T§5o Z(Dt$. ^-y«yhll M 
T/u^-*A<o££<!: U *'<y*ft«=tt, -M«hLt 
O2 tfxEEJj 8 [mT o r r ] 

DC^7- 1 0 0 [W] 

/jKfflWfifl 10 [sec] 

I&2 OfcMf&ZiriZo 7/U; -J-jR 2 0<Z>ff£H 0. 5 
-2. 5 [nm] ir^-So 

[0 0 2 2] HI 9 fj\ T/u^-^BUl 8 co/^fkigS^r 
7n-rt>cOT*^5 0 i9 (A) ic^-T «t 5 (Cft&ttJB 1 6 
(7)±i:^^' 7 ^? ^IC J: ^) 7/u ; - ^ 1 8 zmrfLL 
d9 (B) JC*i-J:9JCKJEttt^^y^«aicJ: 
^7/^tl20b^M75<!: > T/u ~ £ Afil 1 8 
H SJCtt^^y ^AQ-S^tCOa ^^C0^^E^02 
X-rcoftsfflic* 9«ffc$ft, T/U^^-fll2 0 alC^fk-T 

T/u^-^fll2 0ti, !D9 (C) (OTtct^^/^z^ 
Alim 8 Sr«fkL/c|g 1 cOT/i^ t!2 Oat, 

y jtas-C»* L ^ ^ -t-frb /jr 5 ^ 2 cor yu ^ 
«2 0b«!:t'M^n6o 12C07/U S-MI&2 0 b co 
/^^^tT/u ^ Agi 1 8cofi$fk:^T(c^^6ii:^(ca5 
Ze-^oJI tic J: «9 Tyu ^ ~V M$ \ 8co^^ft$ft:L, % 
iBttH l 6fiO«(kSrWCCt^T*5o 7/M-^i 
I 8(/U?^d ii^, 1-2 [nm] T'.tb . 'COJz^ 



5 

[0 0 2 3] (3) 7/l/;tl2 0Oil:^/<. 7 

*&(C4 9&8£t4/g2 2 £ LTffS 8 0 [nm] <DN i 
-Fe^il^rMtS, M8lttJl2 2 £ LTI4, Ni 

[0 0 2 4] (4) ^^^hl^v^^if^^ t o 

ah^S y 9««»JBi 2**e>Bttt£J|2 2 

^mi 2AeMt5, -eit, -co^ ^co^— - 

[0 0 2 5] YM%:t*2 t-fZJJr^* 

y > ^^Hic J: 9 S3$l&teJf I4H S$f&teJi 2 2 *-c 

6, T/U^gl2 0A (T/is* -f-m2 0<7) — ft5) 20 

[0 0 2 6] (5) jSfclC, ^^hi^^^^f^^ 
I^l 20 [n m] T'^iZZCO^^ 2 0 m] 

^¥ii^i;r§l»l 22^5 tc^f^ic h 

[0027] (6) m&i o<o±mzxs<v*mc£<o 
jvmkime2 4 t utf ^ 1000 [ nm] CO y ^2 1/ 

t-tZ-(*>* y >^»3»ci 9|ft|ftJK2 4{CMO£tt« 
2 2W-»€:»ai-S*«?L«rJRrt-r*. zcofg, *6*£ 
HM2 4CD±{C*^ : y*fc:(C e fc 9 Ltf$ 3 0 

0 [nm] COC u/i^rff^U w CO C u J§ &f9\ ^COJLgfl 

mM'<*—^\zm^xs<* z>zt\z£ 

14/12 2l:oW6±Mii2 6 2rffM-r<5 0 *o 
[0 0 2 8] ±KLfcXlS»«-ei4, 0 5COX^T-^^ 

[0 0 2 9] 0 6IOTLf:K h >*/u«**?-U;fct * 
ffi-f^fjsffiU 5fi!KttJBl6{4, @SJB<t^5. - 

ftia&ttiB 2 214, iKftoifii^^eir^o mmz 

[0 0 3 0] SBBi 2A, 2 6ffl(C— ^o^jjftSrnfti. so 



WW 2 0 0 2 -1 90632 

6 

fct^sgtciD^-c, ssratt/B 2 2co^s^(c^g^f^^^fn 
Ant-5£, is^orsi^ ^^^icj^cr^f^tt^ i 6, 2 
2cor«ir-fKfbcofB^^ J g^^ft:L, - cofsttft/gco^ft: 
i:^CT^H2A, 2 6fB<oS5KfS6te^lEff*" 

n^n^L-CSfitft^^/hXlia^rir^^o lot, 
[0 0 3 I ] HI 7 14. :^Ci51^F^/^ 

(*^*tt«rH 4 WIi*e^LTi 5 <7>Xg£r*ll& L 

h^/i//<yn (ni4 0 2 o Aicti^) z&mmitm 
[0032] amc*jv*-c\ mmi*, -tt<nmmm (m 

2 6 CO 12 A, 2 6l:^j$) iCHfr&DLfcSJE [V] £tf 

-To ti—^Sxx RXIS21 (4, ^ix-encico^^so 5 
fe&cosm h ^*/u***-T-«>l»«ifffiE*H4fciF-r. HI 

&'i£&<nm$s. b ^^/^m^m^^\t^x^m.mf£(o^^ 

[0033] in 8 ^<o&mz.&z>m% v >*/HS£* 
m*kvt&<nmfs. b>^^m^mi-tx2 s ot^His 

m7\zmLXwi&Lfz<Dtmm(Dk(n 

% hv^/u|g:6t-e^)5 0 ^-^Si2 SO'S2 2 (4. 
^fb1#^^^^- 0 EI8{C«tix(4\ rco^^{c^5^h 

[0034] h>-*/i^<y rsicof^^^rco^^ic 

^i-CtttSEL^i -5, CO^0^co^^T'f4S^ 

'<0 I 2 ^r-fco t cO(C^tL, t*5fec035?^-T-«4S 

^/ux< y rRwff/5RB*rB||c(4 % ^LfcT/u ^ ^ 

^ -MI^</)fiStMB#RJlcofth(cSK^ X/^ y ^^{CtH 



(5) 



2 002-190632 



[0035] z<n&wn, ±.&LtimmBmicmj£2ti 

[0 0 3 6] (1)03 WlitMttJH 2 2 £JF2/£ L 
fcSL 3fefiKttJB2 2co_b(CMo^(7)I4^ y^>^(0^ 
^teMLtU^o ceo J: o (eta £ % 06<DXfM 

T-teajw 2 4 i:«rx y ^ ? x-mmi £ f&mrt 6 B£ ic 
[0037] (2) &m&m 2 2 is, ^Jiwift(cise> 

"f , fi»Jx.tfN i -F e^iS<7>TlC/?$ 2 [nm]^C 
oJB&»<fttf LT*WB«»£ LTfcJ:^. 
[0 0 3 8] ( 3 ) RSfittttS 1 4 fc±**>J**ttJB 2 
2 W±JC»*-f 5 r £ (C <fc 9 iftttttJI 2 2 £H>tJf t -t 

[0 0 3 9] (4) hy^<y7l2 0A(7)TOi:L 
Tfi, £JRXtt¥W**efc«LfciMLW (M*.t*T i O 
x, S i O2 , MgO, AI2O3+S1O2 [ih-fT 
o>] ) • ^fc^ (A I N, S i 3 Na ) Xtei&ftMft: 
4^ (A 1 N-A 1 2 O3 ) ?^^tU^ fl 

[0 0 4 0] (5) ««JS 1 2 A^Wt LtCu, T 
i . C r «££r/f!V>5 J: W, T a . Au, M 

o ^iS^lKMJSTOiSrffli/^ £ 5 ic LT J: 

[00 4 1] 

«r«i*iBi-c**^rfttftsa*ds»?>n5. 
[0 0 4 2] - w <n&w<nm% h^*/u«**-r-w 



[05] 



[Sfficofifim/jria^I 

[0 2] Hi <nig{:^< T/u ^ -MBI^fiJcXeSr^^ 

[0 4] 0 3(7)Xm(C|£< ^;*->^ LI ^xufc^-r 
0 4<dx^{c^< ^fty; y ^xfiSr^-f 

[16] i5 <7}Xf£(Ci^< ttfkK«j$Xa&U<ttM 
[0 7] C0>«Wc«S«« 

[0 8 ] I h «« 

[0 9] T/U*-*A/Kl 8W(»ffc2aSSr^-r»ffi0 

[011] 09 wiii:i< T/u ^ tiMli^r^ 
[012] 010 <DX^{C^< HB1£i|»Axa«:^ 
[^coift^] 

1 0 : S«, 1 2 
1 4 : SHlttttJB 
S - ? Ajjg, 20 

2 4 : m%m 



ttffittB, 1 2 A, 2 6 
16, 2 2: HflM^JI, 18:7^ 
2 OA: h >"*/t^< y 



[0 1 ] 



[0 2] 




10:*« 




1 0] 



— 2 




V 



(6) 



fctBf] 2002-1 90632 



[13] 



14] 






®7] 




20 40 60 

mmms. tvi 



mil] 




[HI8] 




10 20 30 

[H r] 




K 



il 2] 




\\\\\ 




(7) 



nPM 2002-1 906 3 2 



[139] 



(A) 



3 18 

^16 



20b 



